Aims. We use Gaia Data Release 2 (DR2) to place 252 Herbig Ae/Be stars in the HR diagram and investigate their characteristics and properties. Methods. For all known Herbig Ae/Be stars with parallaxes in Gaia DR2, we collected their atmospheric parameters and photometric and extinction values from the literature. To these data we added near-and mid-infrared photometry, collected Hα emission line properties such as equivalent widths and line profiles, and their binarity status. In addition, we developed a photometric variability indicator from Gaia's DR2 information. Results. We provide masses, ages, luminosities, distances, photometric variabilities and infrared excesses homogeneously derived for the most complete sample of Herbig Ae/Be stars to date. We find that high mass stars have a much smaller infrared excess and have much lower optical variabilities compared to lower mass stars, with the break at around 7M . Hα emission is generally correlated with infrared excess, with the correlation being stronger for infrared emission at wavelengths tracing the hot dust closest to the star. The variability indicator as developed by us shows that ∼25% of all Herbig Ae/Be stars are strongly variable. We observe that the strongly variable objects display doubly peaked Hα line profiles, indicating an edge-on disk.
Introduction
Herbig Ae/Be stars (HAeBes) are Pre-Main Sequence stars (PMS) of intermediate mass, spanning the range between low mass T-Tauri stars and the embedded Massive Young Stellar Objects (MYSOs). They are optically bright so they are much easier to observe and to study than MYSOs and it is expected that within the mass range of HAeBes a change in accretion mechanism from the magnetically controlled accretion acting for TTauri stars (see Bouvier et al. 2007 ) to an, as yet, unknown mechanism for high mass stars occurs. Indeed, there is evidence that the magnetically driven accretion model is valid for Herbig Ae stars but not for several Herbig Be stars Ababakr et al. 2017; Grady et al. 2010; Schöller et al. 2016) . Moreover, there are multiple evidences that Herbig Ae and T-Tauri stars behave more similarly than Herbig Be stars, and Herbig Ae and Herbig Be stars have different observational properties. Examples of this are the different outer gas dispersal rates (higher for Herbig Be stars, Fuente et al. 1998) , the higher incidence of clustering scenarios for Herbig Be stars (Testi et al. 1999) , and the evidences of Herbig Be stars hosting denser and larger inner gaseous disks (Ilee et al. 2014; Mon- nitude in the optical. This variability is typically understood as due to variable extinction, due to for example rotating circumstellar disks, or as an effect of rotation on cold photospheric spots and also pulsation due to the source crossing the instability strip in the HR diagram (Marconi & Palla 1998 ). An extreme case of large non-periodic photometric and polarimetric variations is observed in UX Ori type stars (UXORs) with amplitudes up to 2−3 mag. Many of them are catalogued as HAeBes and their extreme variability is explained by eclipsing dust clouds in nearly edge-on sources and the scattering radiation in the circumstellar environment (see Grinin 2000 and references therein; Natta et al. 1997 and Whitney 2000) .
Infrared photometric variability, related to disk structure variations, is not always correlated with the optical variability (Eiroa et al. 2002) which implies that different mechanisms regarding both the disk structure and accretion underlie the final observed variability. Spectroscopic variability is also present in Herbig Ae/Be stars .
With the advent of the second data release of Gaia (DR2, Gaia Collaboration et al. 2016 , Gaia Collaboration et al. 2018b ), providing parallaxes to over 1.3 billion objects (Lindegren et al. 2018) , including the majority of known Herbig Ae/Be stars, the time is right for a new study on the properties of the class. Gaia DR2 contains a five dimensional astrometric solution (α, δ, µ α , µ δ and parallax ( )) up to G 21 (white G band, described in Evans et al. 2018) . Almost all of the known Herbig Ae/Be stars have parallaxes in Gaia DR2, which allowed luminosities to be derived and 252 HAeBes to be placed in the HR diagram, a tenfold increase on earlier studies using Hipparcos data alone.
The paper is organized as follows: In Sect. 2, we describe the data acquisition of not only the parallaxes, but also optical and infrared photometry, effective temperatures, extinction values, Hα emission line information and binarity. In Sect. 3 we derive the stellar luminosities and place the objects in an HertzsprungRussell (HR) diagram, while we also present a method to derive a statistical assessment of the objects' variability in Gaia's database. In addition, we homogeneously derive masses and ages for all the sources, together with near-and mid-infrared excesses. In Sect. 4 we carry out an analysis of the data and present various correlations and interdependencies, which we discuss in the context of intermediate mass star formation in Sect. 5. We conclude in section Sect. 6.
Data acquisition

Construction of the sample
We have gathered the majority of Herbig Ae/Be stars known and proposed to date from different works (272, see Chen et al. 2016 for a compilation of most of them). Chen et al. (2016) based their sample mostly on the work of Zhang et al. (2006) which in turn is based on the work of The et al. (1994) and Vieira et al. (2003) . In addition, we included a few HAeBes from ; Baines et al. (2006) ; Carmona et al. 2010; Hernández et al. (2005) ; Manoj et al. (2006) and Sartori et al. (2010) that are not present in the aforementioned papers.
Although Herbig Ae/Be stars have long been considered, by definition, of type A or B, there should be some flexibility in this constraint as the physical boundary between Herbig Ae stars and intermediate mass T-Tauris is fairly unstudied. This is because spectral types of T-Tauri stars are typically K-M with some G-type objects while Herbig Ae/Be stars are, quite unsurprisingly, limited to A and B spectral type. Hence, pre-Main Sequence stars of intermediate spectral types have often been largely understudied. We therefore keep objects with F-type classification in Chen et al. (2016) in the sample. Similarly, no upper limit in mass was imposed, leaving the separation between Massive Young Stellar Objects (MYSOs) and HAeBes to the optical brightness of the sources 1 . Then, we crossmatched the sources with Gaia DR2. Detections were considered to be matched with the catalogue when their coordinates agreed to within 0.5 arcsecond. If more than one match was found we took the closest one. If no match was found within 0.5 arcsecond, successive crossmatches with larger apertures were performed up to 2 arcsecond. In these latter cases an individual inspection of the crossmatch was applied. Finally, a comparison between the Johnson V band magnitudes and the Gaia filters was done for each source in order to discard possible incorrect matches. This provides us with parallaxes for 254 HAeBes.
As Lindegren et al. (2018) point out, not all Gaia DR2 parallaxes are of the same quality, and some values -despite their sometimes very small error bars -appear erroneous (e.g. Lindegren et al. 2018) . We included the following constraint in astrometric quality following the indications in Appendix C of Lindegren et al. (2018) and what was applied in Gaia Collaboration et al. (2018) . This constraint will remove from the sample objects with spurious parallaxes:
where G is the Gaia G band and u is the unit weight error, defined as the square root of the ratio of the astrometric_chi2_al and (astrometric_n_good_obs_al − 5) columns (Lindegren et al. 2018 , their Equation C.2). 228 of our sources satisfy this condition.
Some objects are found to be very close to this condition, PDS 144S, PV Cep and V892 Tau, and as we will show later, they would appear significantly below the Main Sequence in the HR-diagram. Given that the Lindegren condition is presented as a guideline rather than a rule by the Gaia astrometry team, we decided to treat these three objects as if they satisfy Eq. 1 as well.
We will refer to the set of astrometrically well behaved sources as the high quality sample and to those that do not satisfy Eq. 1 as the low quality sample. We will not be able to place 2 sources in the HR diagram because lacking of appropriate parameters (Sect. 2.2). In addition, we will move 5 more sources to the low quality sample in Sect. 3.1 because of different reasons. Summarizing, there are 218 objects (228 − 3 − 2 − 5) in the final high quality sample and 34 in the low quality one. Information about the objects in different samples is presented in separated tables at the end of the paper. The high quality sample will be the one taken into account in further considerations unless otherwise specified.
Distances are not obtained by straightforwardly inverting the parallax. The conversion of one parameter to the other one is not strictly trivial because of the non-linearity of the inverse function (see for example Bailer-Jones 2015) . In the case of Gaia DR2, Bailer-Jones et al. (2018) proposed distance values using a weak distance prior that follows a galactic model. Their distances begin to differ from the distances obtained through simple inversion for sources with large errors, σ / 0.5. Hence, in our initial (high and low quality) sample only a small subset of 12 Herbig Ae/Be stars will suffer substantially from this effect. Following the indications in Luri et al. (2018) on how to treat the Gaia parallaxes we decided to apply a simpler exponentially decreasing prior to estimate distances. For completeness, we should note that the parallaxes provided by Gaia DR2 have a regional, not gaussian systematic error as large as 0.1mas and a global zero point error of about −0.029mas that are not included in the gaussian random errors provided in the Gaia archive (see Arenou et al. 2018 and Lindegren et al. 2018) . Hence, the uncertainty in the parallaxes is slightly underestimated. The final errors in the high quality sample range from 0.016 to 0.37mas. Herbig Ae/Be stars have been historically confused with classical Be stars, with which they share many characteristics (Rivinius et al. 2013; Klement et al. 2017; Grundstrom & Gies 2006) . Indeed, the nature of some of the objects in our sample is still under debate. An interesting example in this respect is HD 76534, a B2Ve object that appears in listings of Be stars (eg. and Herbig Be stars alike . The latest dedicated study puts the object in the Herbig Be category (Patel et al. 2017) . To assess the effect of ambiguous classifications in our study we will also, next to the full sample, consider the subset of Herbig Ae/Be stars in Table 1 of The et al. (1994) . This catalogue contains all historically known, and best studied, Herbig Ae/Be stars. 98/254 of our initial sources with parallaxes are present in this table (their best candidates).
Atmospheric parameters, photometry and extinction values
We obtained atmospheric parameters and photometric and extinction values for all the sources from the literature. These were mainly Alecian et al. 2013; Carmona et al. 2010; Chen et al. 2016; Fairlamb et al. 2015; Hernández et al. 2004; Manoj et al. 2006; Montesinos et al. 2009; Mendigutía et al. 2012; Sartori et al. 2010; Vieira et al. 2003 and the APASS Data Release 9. Whenever the effective temperature (T eff ) was not available it was derived from the spectral type with the effective temperature calibration tables of Gray & Corbally (2009) . A 1 subspectral type uncertainty was assigned in all cases. When not listed in the literature, A V values were derived from the observed photometry and using the intrinsic colours of Pecaut & Mamajek (2013) . An R V = 3.1 was used in all cases in which A V was derived although other studies like Hernández et al. (2004) or Manoj et al. (2006) have suggested that a larger value of for example R V = 5 could be more appropriate for HAeBes where local extinction dominates the total extinction. This is a topic for future investigations using Diffuse Interstellar Bands (as done by for example . The relevant data of each source is presented in Table 2 and Table 5 for the high quality and low quality samples respectively. HAeBes usually show photometric variability. Thus, for objects with multi-epoch photometry available, we selected the brightest set to determine the extinction towards the objects and thus their intrinsic brightnesses. As we will also show later, the variability is often caused by irregular extinction, using those data with minimum extinction introduces the smallest errors in the determination of the stellar parameters. For this reason, we only used simultaneous photometry when deriving A V values. All the photometric values were corrected for extinction using the reddening law of Cardelli et al. (1989) .
Two sources, V833 Ori and GSC 1829-0331, do not have enough simultaneous photometry available to derive extinctions for them and hence they were excluded for the sample. The total number of Herbig Ae/Be stars that can be placed in the HR diagram and for which we can derive stellar luminosities, masses, ages, IR excesses and variabilities in Sect. 3 is therefore reduced to 252 objects.
Infrared photometry
All the sources were crossmatched with the Two-Micron All Sky Survey (2MASS, see Skrutskie et al. 2006 ) and with the Wide-Field Infrared Survey Explorer 'AllWISE' all-sky catalogue (hereafter WISE, see Cutri et al. 2013 ). Both these surveys contain hundreds of millions of stars, guaranteeing a large overlap with Gaia. We used a 3 arcsecond aperture for the crossmatch. The few sources that did not lie within that 3 arcsecond threshold were studied individually and, if present, their IR photometry was included. This provides values and uncertainties for the J, H and K s bands (1.24, 1.66 and 2.16µm respectively) and for the W1, W2, W3 and W4 bands (3.4, 4.6, 12 , and 22µm respectively) for most of the HAeBes. Note that for some sources some of the bands may be missing or just be upper limits. We double-checked all infrared matches with the dereddened optical photometry and found no inconsistencies.
Hα equivalent width and emission line profile
We collected all the Hα equivalent widths (EW) we could find in the literature for the Herbig Ae/Be stars. Not only the intensity of the line but also the shape contains very useful information. Therefore, when possible, information about the shape of the Hα line was included. We have classified the Hα line profile as single-peaked (s), double-peaked (d) and showing a P-Cygni profile (P), both regular or inverse. EW and line shape information are presented in Table 3 and Table 6 for the high quality and low quality samples respectively. Many Herbig Ae/Be stars are quite variable in their Hα emission and its EW may significantly change at short timescales (e.g. Costigan et al. 2014) . This is also the case for the line shape, although spot checks on objects that have more than one Hα observation listed in the literature appear to indicate that there are not many changes in line profile classification (see also for example Aarnio et al. 2017) , although changes between single-peaked and double-peaked profiles in a given star are also observed . We do note the additional complication that emission line shapes are often difficult to unambiguously classify.
Regarding the Hα EWs compiled, we note that our main references Mendigutía et al. 2011a) provide the non-photospheric contribution of the EW, while most other authors state the observed EW, which includes the photospheric contribution. This photospheric absorption peaks for A0-A1 type objects, with EW values of ∼ +10Å (See e.g. Fig.  7 of Joner & Hintz 2015) but is only ∼ +2Å for B0 objects. We used the Joner & Hintz (2015) results to correct those EWs that were not corrected for absorption.
We have Hα EWs for 218/252 of the HAeBes and line profiles for 197 of these: 31% are single-peaked, 52% doublepeaked and 17% P-Cygni (of which the vast majority are of regular P-Cygni type). This is in agreement with Finkenzeller & Mundt (1984) who found that out of 57 HAeBes, 25% were single-peaked, 50% showed double-peaked Hα profiles and 20% presented a P-Cygni profile (both regular and inverse). The main references for the EW values are Baines et al. (2006); Fairlamb et al. (2017) ; Hernández et al. (2004) ; Mendigutía et al. (2011a) and Wheelwright et al. (2010) . Main references for the line pro- (Bressan et al. 2012 ) is indicated on the righthand side. An isochrone (Bressan et al. 2012; Marigo et al. 2017 ) of 2.5 Myr is also shown for reference as a dashed line. . Left: 223 high quality and 29 low quality Herbig Ae/Be stars in the HR diagram after the cut in astrometric quality described in Eq. 1. Right: 218 Herbig Ae/Be stars in the final high quality sample after removing the 5 problematic objects described in Sect. 3.1. In red those objects present in Table 1 of The et al. (1994) . The mass of each Pre-Main Sequence track (Bressan et al. 2012 ) is indicated on the righthand side. An isochrone (Bressan et al. 2012; Marigo et al. 2017 ) of 2.5 Myr is also shown for reference as a dashed line. files are van den ; Baines et al. (2006) ; Mendigutía et al. (2011a) ; Vieira et al. (2003) and Wheelwright et al. (2010) . The rest of the references can be found in Table 3  and Table 6 .
Binarity
More than half of the Herbig Ae/Be stars are known to be in binary systems (Duchêne 2015) . The true number is likely much larger, as there have been a small number of targeted surveys for binarity of HAeBe stars, the largest are Wheelwright et al. (2010) and Baines et al. (2006) who performed spectro-astromety of 45 HAeBes and 31 HAeBes respectively, probing companions in the ≈ 0.1 -2 arcsec range, and Leinert et al. (1997) who performed speckle interferometry of 31 objects, sampling separations of order 0.1 arcsec. 81/252 HAeBes (∼ 32%) of our set are catalogued as binary systems, a fraction in agreement with the Duchêne (2015) findings if we take into account the large number of faint Herbig Ae/Be stars which have never been studied for binarity. The binary status of each HAeBe is presented in Table 2 and Table 5 for the high quality and low quality samples respectively; main references were Baines et al. (2006) et al. (1997) and Wheelwright et al. (2010) , we refer to Table 2  and Table 5 for a complete list. Baines et al. (2006) found a typical wide (few hundred au) separation in the binary systems. Wheelwright et al. (2010) detected no binaries closer than 30 au and established a range of ≈ 40 -4000 au in their data.
Derived quantities
Luminosity and Hertzsprung-Russell diagram
Using the parallaxes, atmospheric parameters and extinction values we derived the luminosity for the 252 HAeBes with parallaxes employing a similar method to Fairlamb et al. (2015) , which is similar to Montesinos et al. (2009) and van den . In short, it first consists of using values of T eff and surface gravity (log(g)) to select an atmosphere model from Castelli & Kurucz (2004) (referred to as CK-models hereafter) for each star to be used for its intrinsic spectral energy distribution (SED). Solar metallicity CK-models were used in all cases but for BF Ori, RR Tau, SV Cep, XY Per and WW Vul for which the metallicities are known not to be solar from the spectroscopic work of Montesinos et al. (2009) . When possible, the log(g) values were estimated from the luminosity class; otherwise they were taken as 4.00 (typical values range from 3.5 to 4.5). Uncertainties in log(g) and metallicity can be neglected in our study as their effect on the model SED and derived quantities is negligible.
We then scaled the model to the dereddened photometric Johnson V band. The energy distribution is then integrated over frequency to get the total flux. The final luminosities, presented in Table 2 and Table 5 for the high quality and low quality samples respectively, are then obtained by means of the total flux and the parallax. All sources of uncertainty were taken into account at this step including using different CK models for the different temperatures within the T eff uncertainty range.
The 223 Herbig Ae/Be stars satisfying Eq. 1 constraint are plotted in the resulting HR diagram in Fig. 1 . This number is an increase of more than a factor of ten compared to the previous, Hipparcos-based, study by van den . PMS evolutionary tracks from Bressan et al. (2012) are also plotted in Fig. 1 plus a 2.5Myr isochrone (Bressan et al. 2012 , Marigo et al. 2017 , all of them with solar metallicities (Z = 0.01 and
Before we analyze this sample, we also plot the HR diagram for all 252 objects with parallaxes (the high and low quality samples together, hence including those which failed the Lindegren quality selection criteria) in Fig. 2 on the left. Many of these badly astrometrically behaved sources are located in unphysical positions, significantly below the Main Sequence, validating our approach of removing those from our analyses.
Returning to the HR diagram in Fig. 1 , there are still several outliers that do not seem to be PMS objects. GSC 5360-1033 and UY Ori appear way below the Main Sequence, just like the lower quality objects that were removed earlier. However, the Gaia DR2 data of these two objects appear of good quality. Regarding GSC 5360-1033 the situation is not clear, an ambiguous spectral type or photometry for this object, or an incorrect estimation or the extinction may be the reason for the unexpected location of the object. For UY Ori, Fairlamb et al. 2015 assigned a spectral type of B9 to this object, but the photometry listed in simbad indicates a large variability. Pending more certainty, we decided to remove these two objects from the high quality sample and place them in the low quality sample. MWC 314, MWC 623 and MWC 930 on the other hand appear quite luminous and very much to the right of the Main Sequence, something very unusual for high mass PMS objects. An individual inspection reveals that these objects are more likely to be evolved giants and they appear in the literature as such (e.g. for MWC 314: Carmona et al. 2010 , for MWC 623: Lee et al. 2016 , for MWC 930: Miroshnichenko et al. 2014 . Deciding on the nature of the various Herbig Ae/Be candidates in our master sample is not our intention and it is beyond the scope of this paper that is essentially a statistical study. However, these objects occupy a special place in the HR diagram that is consistent with both a pre-as well as a post-Main Sequence nature while there is much information regarding these objects supporting their postMain Sequence nature. We therefore decided to err on the cautious side and remove these as well from further analysis.
The final HR diagram without these 2+3 problematic objects is presented in Fig. 2 on the right. In addition, in this graph, we highlight the sample of The et al. 1994 bonafide HAeBes in red. This final high quality sample of 218 objects will be the one we will use in the following plots and studies. The information concerning the 34 discarded objects in the low quality sample can be found in the tables at the end of the paper.
In this last high quality HR diagram we see that there are many more low mass HAeBes than high mass HAeBes (69% of the sources are below 4M ). This is most likely because of the Initial Mass Function (IMF). This trend of more objects for lower masses discontinues below ∼ 2M . This is roughly the mass corresponding to the boundary between Main Sequence Aand F-type stars, and thus the traditional lower mass boundary at which the Herbig Ae/Be stars were originally selected.
For lower masses the sources are more spread in temperature, occupying larger parts of the PMS tracks, while, instead, the high mass objects tend to be predominately located close to the Zero Age Main Sequence (ZAMS). This is likely because the higher the mass the faster the PMS evolution is. This fast evolution could explain why high mass objects at low temperatures (and thus low surface gravities) are hardly present in Fig. 1 or the sample.
We will encounter more examples below where high mass and low mass objects have different properties.
Mass and age
Using the isochrones, the mass and age of the Herbig Ae/Be stars were estimated. We used a hundred PARSEC isochrones with solar metallicity (Bressan et al. 2012; Marigo et al. 2017 ) from 0.01 to 20Myr, from which we only use the PMS tracks. To each Herbig Ae/Be star we assigned the closest two isochrone points in the HR diagram; the solar metallicity isochrones did not match seven sources from the high quality sample in the HR diagram and isochrones with lower metallicities were used in those cases. As each point is associated with a mass (M) and an age, we computed for each HAeBe an average of those values weighted by the distance to the points. The result is an estimate of age and mass for 236/252 HAeBes. These values are presented in Table 3 and Table 6 for the high quality and low quality samples respectively. Uncertainties were derived from the error bars in the HR diagram ( Fig. 1 and Fig. 2 ) keeping a minimum error of 5%. We compared many of our masses and ages with those of Alecian et al. (2013) and Reiter et al. (2018) . We found that our determinations of these parameters are consistent with the results of the previous authors.
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Infrared excesses
In the process of deriving the luminosity it is also possible to derive the infrared excess. We have logarithmically interpolated the different dereddened observed fluxes from the J band (1.24µm) to the W4 band (22µm) and defined the infrared excess (E) as:
F e is the total flux underneath the observed dereddened photometry (the infrared photometry has also been dereddened) and F * is the total photospheric flux below the CK model. λ 1 and λ 2 define the range of wavelengths of interest and the total fluxes in the numerator just refer to that range. This measure expresses the excess in terms of the total luminosity of the object. For example, all things being equal, if we have two stars with the same amount of dust surrounding them, with one of them brighter, the infrared re-radiated emission will be larger, but the IR excess as defined here, would be the same as it is a relative measure. The same or a very similar indicator was used by Cote & Waters (1987, their Eq. 8) , Waters et al. (1987, Eq. 3) , and more recently by Banzatti et al. (2018) in their Sect. 2.3.
Uncertainties in the infrared excesses were derived using the uncertainties in the observed fluxes and the uncertainties in the temperature (which affect the CK models) of each object.
We have split the total infrared excess in two, a Near Infrared Excess (1.24 − 3.4µm, roughly the 2MASS region) and a Mid Infrared Excess (3.4 − 22µm, the WISE region). The values for these excesses are presented in Table 3 and Table 6 for the high quality and low quality samples respectively. The total infrared excess (1.24 − 22µm) is the sum of the two.
In addition, we also computed the infrared excess at each individual band (J, H, K s , W1, W2, W3 and W4) as the flux ratio between the dereddened observed monochromatic flux and the expected flux according to the CK model. The values for these excesses are presented in Table 4 and Table 7 for the high quality and low quality samples respectively
Variability information
Gaia DR2 does not provide a general variability indicator for all sources. Here, we use Gaia's repeated observations to extract photometric variability information. Gaia DR2 used a total of 22 months of observations and each source was observed repeatedly in a non periodic fashion. Data Release 2 provides the average photometry, the uncertainty on this value and the number of observations. All things being equal, the photometric "error" will be larger for a photometrically variable object than for a stable object. Here we aim to quantify the variability of the objects. We start with the "Variability Amplitude" (A i ) for a certain source i as presented in Deason et al. (2017) :
where N obs is the number of CCD crossings, F and e(F) are the flux and flux error respectively. This quantity is powerful in identifying objects that show larger flux variations than expected for a stable star. However, in order to statistically assess the level of variability, we introduce a variability indicator V i , which quantifies how much more variable an object is compared to stable objects of the same brightness. In short it compares the Variability Amplitude from Eq. 3 of a given object (i) to that 
Frequency density
Herbig Ae/Be stars UBVRI standard stars Faint UBVRI standard stars Fig. 3 . Distribution of the variability indicator for Herbig Ae/Be stars and two catalogues of photometric standards; one of bright sources (Landolt 2009 ) and one of faint sources (Clem & Landolt 2016) . As a class, the Herbig Ae/Be stars are more variable than the photometric standards.
of all Gaia objects in a brightness interval of ±0.1 magnitude around the G band value of the object (i.e. to A a,G a ∈(a 1 ,a 2 ) , with a indexing the Gaia catalogue and being a 1 = G i − 0.1mag and a 2 = G i + 0.1mag). The equation is as follows:
G is the Gaia white G band magnitude and σ is the standard deviation. In essence, we subtract the error to flux ratio of each HAeBe, weighted by the number of observations, to the mean of the same expression (A a , Eq. 3) for the sources in the Gaia catalogue within ±0.1mag of the Herbig star in the G band. Then we divide by the standard deviation of A a s of that Gaia subset. This results in a variability indicator which measures the variability (in standard deviations, σ) for each Herbig Ae/Be star compared to the mean of field objects of the same brightness.
For completeness, we note that it is necessary to impose more constraints to exclude the cases in which a larger error is not due to intrinsic variability. Following Deason et al. (2017) , Appendix C of Lindegren et al. (2018) and what was done in Gaia Collaboration et al. (2018) we require N obs 70 and more than 8 visibility periods (i.e., groups of observations separated by at least four days), plus the Eq. 1 constraint that limits the astrometric quality (and hence the variability indicator just can be derived for sources in the high quality sample). In order to also limit the photometric quality we included the following criterion presented in Gaia Collaboration et al. (2018):
where E F is the flux excess factor and G BP and G RP the Gaia blue and red passbands respectively. Note that these constraints may inevitably exclude many of the very variable HAeBes as they also trace larger errors and hence variability. These constraints will also be biased to discarding binaries and faint sources in crowded areas (Lindegren et al. 2018; Gaia Collaboration et al. 2018) .
The variability indicator values for the 193 sources satisfying the previous conditions are presented in Table 3 .
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. Left: IR excess in the range 1.24 − 22µm vs. estimated mass of the objects. The most massive objects (more massive than ∼ 7M ) barely show an infrared excess. Right: IR excess in the range 1.24 − 22µm vs. estimated age. Ages and effective temperatures are respectively colour coded in the legend. The symbols stand for the Hα line profiles: circles (double-peaked), triangles (single-peaked), stars (P-Cygni profile) and diamonds (no information). Note that although it is not necessarily a one-to-one correlation, lower ages correspond to higher masses.
In Fig. 3 , we show the V i distribution of Herbig Ae/Be stars and compare it to the V i distribution of bright photometric standards from Landolt (2009) and faint photometric standards taken from Clem & Landolt (2016) . If Eq. 4 would have not been used these two latter samples would have had a different mean in the distribution of A i . The Herbig Ae/Be stars appear to show, on average, a larger variability indicator value than the standard stars, being the break at ∼ V i = 2. We performed a two-sample Kolmogorov-Smirnov (KS) statistical test to study whether Herbig Ae/Be stars can be drawn from those two samples of standard stars. The result shows that we can reject that hypothesis to within a 0.001 significance and hence this variability indicator differentiates them as a group.
In order to assess the relation between our variability indicator (G band variability) and variability in the V band we compared the magnitude variations in the V band as presented in the International Variable Star Index VSX (Watson et al. 2006) with our variability indicator values. We found that we are tracing variabilities as small as ∼ 0.5mag with the V i = 2 cut-off. In Eiroa et al. (2002) 7/23 (30%) PMS objects homogeneously observed for variability have variabilities above 0.5mag. In our case 48/193 sources have values above V i = 2 (25%) and hence can be considered as strongly variable. Of those 48, 17 are catalogued as UXOR type (Mendigutía 2011c; Oudmaijer et al. 2001; Poxon 2015) . There are 5 other UXORs in our sample with V i values, 4 of them have reported optical variabilities smaller than 0.5mag in the V band. The other one is BO Cep. This object has been reported to have a periodic variability with a single prominent peak with a period of ∼ 10 days (Gürtler et al. 1999) . The regular non periodic variability of the object is smaller than 0.5mag which explains why this UXOR has not been detected by our variability indicator. Supporting this, it appears as UXOR in Poxon (2015) but not in Oudmaijer et al. (2001) or Mendigutía (2011c) .
To put the variability indicator into perspective, we find that 6 out of 411 photometric standards from Landolt (2009) have variability indicator values larger than 2. We would therefore expect only 3 of our 193 Herbig Ae/Be stars for which we could determine V i to be strongly variable, at amplitudes of 0.5 magnitudes in the V band or higher. However, we find 45 more, indicating that a large fraction of Herbig Ae/Be stars exhibit strong variations.
In addition, it is interesting to compare our variability indicator with the variability catalogues published alongside the Gaia DR2 general catalogue (Holl et al. 2018) . Just 1 every 3000 objects passed the Gaia DR2 stringent selection criteria for variability. 10/252 objects in our list fall in this category and appear as variable in those catalogues. Of the 5 of those that have derived V i values they are larger than V i = 5.
Data analysis
Infrared excesses
In Fig. 4 the total infrared excess (1.24 − 22µm) vs. the estimated mass and age of the sources is plotted. There appears a difference in IR properties between high and low mass stars. Whereas low mass stars show a range of infrared excess, the higher mass stars in general only present very low levels of excess. A similar behaviour is seen when the excess is plotted as function of age; the excess for the youngest objects is smallest. This is probably readily explained by the fact that the more massive PMS objects in the HR diagram have the lowest ages by virtue of their rapidly evolving isochrones, so trends in mass will automatically also be present in those with age. To study trends as a function of age, it would be necessary to consider subsamples with a narrow range in mass. We therefore consider that the main result of this exercise is that high mass objects have a very low infrared excess, and that there appears to be a break at ∼ 7M from where almost no sources with significant excess appear.
Article number, page 7 of 39 A&A proofs: manuscript no. Vioque_et_al_2018 Fig. 5 splits the total infrared excess into two, a near-infrared and a mid-infrared part. It demonstrates that the excess at both wavelength ranges are highly correlated with each other (the linear fit in logarithmic space that can be seen in the plot has a correlation coefficient of r = 0.88). Therefore, it is not unexpected that the ∼ 7M break is also present at near-and mid-infrared. Fig. 6 shows the EW as a function of mass and age respectively. As the definition of a Herbig Ae/Be star includes the presence of emission, which is mostly from the Hα line, it may not come as a surprise that essentially all measurements are negative (i.e. tracing emission).
Hα equivalent width
The EWs show a large range of values, which appears to increase with increasing mass and decrease with increasing age (studied by Manoj et al. 2006) . The older objects typically have lower EW's than younger objects. It is tempting to read an evolutionary effect in this finding -after all it would be expected that the accretion (and therefore emission) would decrease when the PMS objects are closer to the MS. However, we should recall that there is a strong correlation between the age and the mass of the stars, so we may well be looking at a mass effect instead. As the EW is a relative measurement with respect to the stellar continuum, a larger EW for otherwise similar objects indicates a stronger emission line. The observed trend towards higher temperatures/masses and thus higher luminosities implies that the lines become even stronger than the EW alone would seem to imply.
Hα EW and infrared excess
The correlation between Hα emission, measured by its equivalent width, and near-and mid-infrared excess is studied in Fig. 7 and Table 1 for each one of the infrared bands (J, H, K s , W1, W2, W3 and W4). In this case, we computed the infrared excess as the flux ratio between the dereddened observed monochromatic flux and the expected flux according to the CK model at each band (the values for these excesses are presented in Table 4 and Table 7 for the high quality and low quality samples respectively). In all cases, there is a general and consistent increase of the Hα EW from sources with very little IR excess to those with higher IR excess.
In Table 1 we show that the Hα emission line equivalent width is more correlated with the infrared excess at shorter wavelengths than at larger wavelengths, with the correlation peaking at 2.16µm (K s band).
An obvious question might be whether there is a causal correlation between the Hα emission and presence of emission due to dust around these objects. The various excesses at various wavebands are correlated with each other (Fig. 5) , and as a consequence the IR excess at many wavelengths also correlate with the EW. However, the correlation with Hα is strongest at the K s band which traces the hot dust in the inner disk, suggesting the accretion mechanism or wind activity as traced by Hα is related to the inner parts of the dusty disk (see also Manoj et al. 2006) . As presented in Table 1 , the correlation rises from a minimum at 1.24µm (effectively tracing the stellar photosphere) up to 3.4µm and then goes down again to the same minimum at 22µm (W4 band), where dust in the outer disk is found. In fact, Mendigutía et al. (2012) discovered the same correlation between IR excess and accretion rate and they found that it is no longer present beyond 20µm.
For comparison purposes, in Fig. 7 the K s band is plotted in the upper panel and the W4 band in the lower. It is noteworthy that for the K s band, where we have the strongest correlation, small EWs are almost only present in sources with little IR excess and, in consonance with Sect. 4.1, for a given Hα EW value low mass stars (M < 7M ) tend to have higher IR excesses. However, these trends are weaker or non existent in the case of the W4 band, where we have the weaker correlation. This reinforces the idea that the Hα emission is correlated with the inner parts of the disk. Note that in both panels the average excess is still lower for the higher mass objects. The emission line strengths will also be subject of a follow-on study using accretion rates (Wichittanakom et al. in preparation).
Variability
We conclude this section by studying the variability of the objects and its correlation with the various properties discussed so far, including the Hα line profiles we took from the literature.
The left panel of Fig. 8 presents the variability indicator as function of the total (near plus mid) IR excess. As described in Sect. 3.4 the variability indicator states the number of standard deviations a certain source is separated from the mean of the Gaia objects of the same brightness. No, or hardly any variability is present at the lowest IR excesses but sources can be both variable and non-variable at the higher IR excesses, consistent with van den based on a smaller sample.
The figure next to it shows the variability as a function of mass. As high mass stars in this sample generally do not have a strong IR excess, we find that mostly the lower mass and cooler objects display high variabilities, with the break also around 7 M , corresponding to a Main Sequence spectral type of around B3. Although cooler objects tend to have larger variabilities (also observed by van den Ancker et al. 1998), we can observe how the range in temperatures for variable sources is wide in the right panel of Fig. 8 , and that there are in fact many Herbig Be stars with very strong variabilities. Hence, this is more likely a trend with mass and not with temperature. We do note that although we detect photometric variability from the V i = 2 value, the V i = 5 value is a better separation boundary for the observed trends in both panels of Fig. 8 . The challenge is to identify which property lies at the cause of the variability, is it the mass of the objects, their age or infrared excess emission or something else? An important clue is that many objects with strong variability (above V i = 2) and line shape information have doubly peaked Hα profiles ( 31 out of 43; 72±7%, 68% confidence interval). In general, doublepeaked emission line profiles are due to rotating disks, so the data are suggestive of an edge-on disk-type orientation and structure (from the remaining 12 objects they all have a P-Cygni profile and none have a single-peaked profile). The number of variable objects with doubly peaked line profiles is significantly different from the full sample, in which only half of the targets with known line classifications have a double-peaked profile (of the sources with derived variability indicator and known line profile 79 out of 155; 51±4% are double-peaked and 48 our of 155; 31±4% are single-peaked). These fractions are significantly different, and we therefore suspect that the variable sources are mostly oriented edge-on, and that the line-of-sight inclination to the objects could be a decisive factor in the cause of the variability. This is in agreement with the trend observed in the left panel of Fig. 8 . Sources with large amounts of circumstellar material show large infrared excesses and high or low levels of variability depending on the inclination of their disk whilst sources with little material around have low infrared excesses and low variabilities in all cases (also discussed in van den Ancker et al. 1998).
Discussion
General findings
In the above we have determined fundamental parameters such as temperature, mass, age, IR excess, variability and luminosity for a large sample of Herbig Ae/Be stars which was made possible due to the more than a factor of ten increase in available distances to these objects compared to Hipparcos. With the Gaia DR2 data, the majority of known Herbig Ae/Be stars could be placed in the HR diagram. We found the following:
-There are more low mass objects than high mass objects, with the high mass objects mostly located close to the Main Sequence. -High mass objects have in general very small infrared excesses and low variability, the properties appear to differ around 7M . -Hα emission is generally correlated with infrared excess, with the correlation stronger for IR emission at wavelengths tracing the hot dust closest to the star. -More massive and younger objects have higher Hα EWs.
-When split at 7M into "low" and "high" mass samples, the Hα -IR excess correlations hold for both mass ranges, with the average excess lower for the higher mass objects. -Photometric variability can be traced back to those objects with double-peaked Hα emission and large infrared excesses. -All catalogued UXORs in the sample with detected variabilities above 0.5mag in the V band appear as strongly variable (above V i = 2) with the exception of BO Cep (discussed in Sect. 3.4).
Here, we will discuss these findings and their implications for the formation of intermediate mass stars.
Selection effects
Let us first investigate the various selection effects and biases that could potentially affect the results.
Quality parallaxes: It could be argued that the quality of the astrometric data has an effect on the findings. The parallax errors occupy a comparatively small range, from ∼0.016-0.37 mas, but because of the large spread in distances, the relative uncertainties can be very large. To investigate whether this has a detrimental effect on the results, we repeated the analysis with only the objects with the very best parallaxes ( /σ > 10). This, of course, limits the sample and 182/218 objects remain in the high quality sample. These 182 objects are less luminous, which may be expected as in general they have larger parallaxes and are thus closer. As a result they will be less massive and have larger ages than the objects in the entire sample. This, as a consequence of the trends described in previous sections, implies that these objects also show larger infrared excesses and variabilities as well as smaller Hα EWs (see Fig. 4 , Fig. 6 and Fig. 8 ). However, we find that essentially all correlations also hold for the higher quality parallax sample, and if anything, they appear stronger. For example almost all of the high mass sources that have large infrared excesses and variabilities in figures (2006) and Sartori et al. (2010) ). The defining characteristics of HAeBes are not unique to the class, and can often also be found in other types of stars such as classical Be stars, which display Hα emission and a near-infrared excess (e.g. Rivinius et al. 2013) or evolved stars which can have spectral types A and B, display hydrogen recombination emission and be surrounded by dusty shells and disks such as the Luminous Blue Variables and B[e] stars (Davies et al. 2007; Oudmaijer, et al. 1998 on HD 87643) . It is therefore inevitable that some sources will have been misclassified. It would be fair to say that the more "classical" Herbig Ae/Be stars going back to the Herbig (1960) and The et al. (1994) papers have been studied in more detail and are better established as young pre-Main Sequence stars.
We therefore studied the The et al. sample of objects (their Table 1 , 85 sources out of our 218) separately and find that all correlations do hold for this "gold standard" sample as well. We do find that on average these objects have a larger Hα EW and have larger IR excesses than the full sample. These properties are the defining characteristics of a Herbig Ae/Be star, and it may not be surprising that the first objects to be proposed as Herbig Ae/Be stars are on average more extreme in these properties. Yet, again, as with the higher quality parallax sample, the trends are still present in this sub-sample.
Mass distribution of the sample: The known Herbig Ae/Be stars have mostly been found serendipitously, and a large-scale systematic search for them has yet to be carried out. Yet, an interesting question is how representative the present sample is for the class. To this end, we consider the mass distribution of the objects. There are more or less the same number of low mass, A-type objects than higher mass B-type objects. There are more Herbig Be stars than might be expected from the Initial Mass Function, however, the B-type objects are brighter and are sampled from a larger volume, as also attested by their smaller parallaxes. We will therefore expect a larger fraction of Herbig Be stars in the sample. When limiting our sample in distance, we obtain a Herbig Ae/Herbig Be ratio that is close to the IMF. As far as the mass distribution is concerned, we may say that the current sample is representative of the class. One of our future Lines are linear fits to the data, dashed for HAeBes with M > 7M and in solid colours for HAeBes with M < 7M ; black solid lines are the linear fits for all the sources (equations and correlation coefficients for these fits to all the sources for all the infrared bands can be seen in Table 1 ). Note the difference in the scale of the vertical axis between the two panels. 
The K s band, with the higher correlation, and the W4 band are in bold; both are shown in Fig. 7 .
goals is to draw an increased and well-selected sampled of Herbig Ae/Be stars from the Gaia catalogues.
Binarity: One may think that binarity may affect the observed photometry and for example produce fake levels of variability in our variability indicator. This is because binary sources tend to be more astrometrically and photometrically irregular. We studied the group of binaries against the group of isolated sources and overall we find that the known binaries are slightly brighter than the objects that have not been reported to be a binary. This is probably a selection effect in that brighter objects were more likely to be included in the binary surveys. We compared the brightnesses of binaries and non-binaries in the Baines et al. (2006) , Wheelwright et al. (2010) and Leinert et al. (1997) studies separately and find that within the surveys there are indeed no brightness differences between binaries and non-binaries.
Returning to the Gaia sample; all other properties but infrared excesses, including variability, are similar. We do find that binaries have in general slightly larger IR excesses. With the benefit of hindsight, this is perhaps something that could have been expected. Most of the binaries are distant binaries with separations larger than 0.1 arcsec (Gaia's resolution). Indeed, no binaries are found closer than 30au so it is expected that binarity does not play a significant role in the optical photometry. At the same time, companions could potentially contribute to the infrared emission whose fluxes have been measured with apertures larger than the typical separations. Given that we do detect slight differences in IR-excess between binaries and non-binaries, a preliminary inference would be that the companions may contribute to the infrared flux in some cases. Fig. 4 shows the infrared excess as function of mass and age respectively. There is a marked difference in the infrared excess observed towards high and low mass objects. Herbig Be stars more massive than ∼7 M in general appear to have little to no excess, while the lower mass objects show a wide range of excesses. There is also a trend with age with the youngest objects having the smallest infrared excess. Although it would be tempting to assume a causal relation between age and presence of dust, and try to explain why the youngest objects have the smallest amount of dust around them, we suspect the stellar mass is the dominant factor. The durations of the PMS evolutionary tracks are progressively shorter for higher masses, and an underlying relation between mass and infrared excess would therefore also appear as a correlation between age and infrared excess.
Infrared excess as function of mass
Either way, the lack of dusty emission from high mass objects is puzzling, as we might expect the more massive objects to be formed in more massive clouds and therefore be more embedded. A natural conclusion would be that at any time of their PMS evolution, these young objects would be surrounded by more dust than their lower mass counterparts and therefore, at any stage, they would have a stronger infrared emission. A counterargument is that the Herbig Be stars are predominately found closer to the ZAMS and are therefore more evolved, having dispersed their circumstellar material. Supporting this idea, AlonsoAlbi et al. (2009) found, from their compilation of millimetre observations of 44 objects, that Herbig Be stars have much weaker millimetre emission than their later type counterparts. In addition, they found that the masses of the disks around Herbig Be stars traced at mm wavelengths are usually 5-10 times lower than those around lower mass stars, with the boundary also around 7 M . These authors suggest that the disk dispersal is more efficient and faster in high mass objects above 7 M . Indeed, the disk dispersal times are a steep, declining function with stellar mass, from millions of years for the lower mass stars to tens of thousands of years for the highest mass young stars of 10 M and higher (Gorti et al. 2009 ).
The latter timescales are comparable to the evolutionary timescales as for example computed by Bressan et al. (2012) for these massive objects. Thus, the observation here is consistent with the classical scenario that the Kelvin-Helmholtz contraction timescale is much smaller for massive objects compared to the free-fall timescale of the collapsing parental cloud. In this scenario, the massive young stars only become visible once they are on, or close to, the Main Sequence -the so-called birthline. We will discuss more on this later, but note that with this interpretation one still would expect a range of infrared excesses in any sample. This is consistent with what we find for massive objects (larger than 7 M ); a large number of low excess stars, but still a few with noticeable excess (see Fig. 4 ).
Moving to the lower mass objects, which do display a large range of infrared excess emission, an immediate question to ask is whether we can detect any evolutionary effect in the sense that objects that are further evolved have smaller infrared excesses, as one expected from the progressive dust dispersal, and as suggested by Fuente et al. (1998) . For example, if the inside out clearing model of disk evolution is correct, we should see a trend at each PMS track from high excess to little excess.
However, it appears Herbig Ae/Be stars do not show any consistent evolution of the infrared excess from high to low excess at any mass range. There are many objects appearing younger than 2.5 Myr or even 1 Myr at all mass ranges with little IR excess. Arguably the lack of an evolutionary effect can be explained by the size of the error bars on for example the luminosity. The evolutionary timescales vary strongly with mass (and thus luminosity), masking any trend of infrared excess emission with age. Here, we would highlight that many young Herbig Ae stars show little excess. By looking at these objects in the right panel of Fig. 2 it is not difficult to find sources with error bars small enough to discard the contribution of uncertainty to the problem. Finally, the contamination by binaries as discussed in Sect. 5.2 can play a role in here as many HAeBes can still remain as undetected binaries.
We should also note that the underlying assumption of the evolutionary calculations is that the conditions under which the stars form are uniform, the accretion rates a smooth function of time resulting in an overall similar evolution for all stars. However, the final configuration is undoubtedly affected by inhomogeneities, varying accretion rates and even the masses of the initial clouds. Nevertheless, looking for real evolutionary effects in the spectral energy distributions requires selecting subsamples of objects that are located at or close to the same mass tracks. This may require even more precise parallaxes than can be provided by Gaia at the moment in many cases. It also requires precise determinations of the atmospheric parameters and extinction values. A proper statistical study with high quality parameters of the evolutionary properties of the HAeBes as they move towards the Main Sequence is hence still pending and planned for the future.
Variability in terms of the UXOR phenomenon
The variability indicator that was developed specifically for the Gaia data demonstrates that the class of Herbig Ae/Be stars is more variable than the general population of stars. Fig. 8 shows that the lower mass objects are much more photometrically variable than the higher mass objects, for which the variability appears to cease beyond ∼7 M . The photometrically variable objects contain most of the so-called UXOR variables reported in the literature. Using the compilation of UXOR variables by The defining characteristic of the UXOR phenomenon is not only the photometric variability but also the reddening and blueing associated during the variations. The explanation put forward for this behaviour is the obscuration of the star by a rotating, inhomogeneous, dusty edge-on disk. The objects first become redder when dust obscures the object, and can even become blue at their faintest phases, when the direct light from the stars is blocked and, predominately blue light is scattered into the line of sight. As the polarization -resulting from scattered lightalso peaks during the faintest phases (e.g. Grinin 2000), the obscuring disk hypothesis is favoured. Interestingly, observational evidence other than the polarization supporting this conclusion has been relatively sparse.
With the large sample of Herbig Ae/Be stars, and the large number of UXORs among them, we can repeat a similar experiment using the Hα line as a proxy for the inclination of the circumstellar disks. We will consider the line profiles of the Hα emission in tandem with the variability indicator. Fig. 8 shows that all but twelve of the strongly variable objects with documented line profiles (above V i = 2, those with ∆V > 0.5mag) have double-peaked Hα emission. In fact, the five objects for which no line profile is listed have, to our knowledge, no reported profiles. The occurrence of double-peaked profiles in the highly variable sample is significantly higher than for the other objects (see Sec. 4.4) . It is significant that the other twelve objects have P-Cygni profiles and none of them show a singlepeaked profile. The P-Cygni profile is often related to episodic energetic phenomena and it is not unexpected that it is also traced by our variability indicator. Given that doubly peaked line profiles are most easily explained by at least part of the emission originating in a rotating disk leads us to conclude that the photometrically variable objects are seen edge-on and surrounded by a disk-like structure. It is true that outflows or winds not limited to the disk can produce double-peaked Hα profiles (Kurosawa et al. 2006; Tambovtseva et al. 2014) . Supporting the hypothesis of edge-on disks being the main cause of photometric variability, we find in variability the same separation at ∼7 M between low and high mass objects we found when studying IR excesses, which suggests that photometric variability and IR excess have the same cause. In addition, sources with high IR excesses have both high and low variability levels, which can be understood as depending on the disk inclination, while sources with lower IR excesses show little variability in all cases (left panel of Fig. 8 , discussed in Sect. 4.4). This would also explain the few high mass strongly variable objects that can be seen in the right panel of Fig. 8 ; they are mostly the ones with high IR excess in the left panel of Fig. 4 (discussed before in Sect. 5.3). Given that an edge-on orientation is the major and main ingredient of the dust obscuration hypothesis, these results lend very strong support to it using a large sample of Herbig Ae/Be stars.
The large fraction of objects with double-peaked line profiles or variability is in agreement with the model predictions by Natta & Whitney (2000) who worked out how many Herbig Ae/Be stars would undergo the UXOR phenomenon considering the scale heights of dusty disks and under which inclinations the photometric variability would still be visible. They conclude that around half of the Herbig Ae stars could be UXORs. In our high quality sample we have 85 A type stars with variability indicator values and just 16 of them were previously listed as UXORs, but again most of them have been largely unstudied. However, of the 25 A type stars with variabilities above V i = 2, 13 are known UXORs. This means that for the Herbig Ae stars for which we detect variability at the V i = 2 level, ∼ 52% are known UXORs (and just two have P-Cygni profiles). Moreover, this implies that we are retrieving ∼ 81% of known A-type UXORs with our variability indicator and hence, assuming that all the 25 A type stars with variabilities above V i = 2 are of UXOR type, there should be about 31/85 UXORs in the sample. In turn this would imply that ∼ 37% of all Herbig Ae stars belong to the UXOR class. If we also take into account that we have potentially removed some UXORs, possibly the most variable ones, from consideration when applying the constraints described in Sec. 3.4 we get to values close to the 50% predicted by Natta & Whitney (2000) .
Finally, Davies et al. (2018) recently studied in detail the UXOR object CO Ori, which has single-peaked Hα emission. Consequently, they found that the inclination of its disk is of ∼ 30
• (i.e. it is nearly face-on). In this particular case, whether if the disk is still causing the UXOR phenomenon or if it is caused through fluctuations in the circumstellar material outside the disk is still uncertain. We could not derive a variability indicator value for this object to assess its variability. Inspired by this example, we took a look to the other UXORs in our sample with singlepeaked profiles, they all have variabilities below V i = 2 in our variability indicator (HD 100546, HD 142527, HD 98922 and IL Cep) , this suggesting a category of low variability UXORs with nearly face-on disks. Nonetheless, the results presented in this section strongly support the idea that most UXORs are caused by edge-on disks, which are responsible of large photometric variabilities.
Missing objects in the HR diagram
When inspecting the right panel of Fig. 2 , it appears that most Herbig Be stars are located relatively close to the Main Sequence, whereas the lower mass Herbig Ae stars occupy a larger part of their evolutionary tracks, contracting to higher temperatures at constant luminosity. In other words, the late type Herbig Be and Herbig Ae stars at high luminosities (and low surface gravities) that would occupy the tracks towards the locations of B-type stars on the Main Sequence are missing. It is only due to the use of Gaia parallaxes, expanding the number of Herbig Ae/Be stars with well established luminosities that we can make this observation.
In our discussion earlier, we mentioned the fact that these objects could still be heavily embedded in their parental clouds, preventing them from being optically visible when evolving on their way to the Main Sequence. There is evidence for optically invisible, but infrared bright objects at locations in these regions of the HR-diagram. For example, Pomohaci et al. (2017) were the first to spectrally type an infrared bright Massive Young Stellar Object based on the, rare, absorption spectrum at nearinfrared wavelengths (higher order Brackett lines are in absorption for this object, while Brγ is in emission). They found that the object could be fitted with that of an A-type giant star. Had this object been optically visible, it would have occupied the empty region in the right panel of Fig.2 . To this, we add the early Btype Herbig Be stars/infrared bright MYSOs PDS 27 and PDS 37 (Ababakr et al. 2015) . They are found in the upper regions of the HR diagram, slightly off the Main Sequence. They are optically visible, but not overly bright at V ∼ 13mag, and have not been included in many (optical) magnitude limited catalogues. Thus, there are several examples that might lead us to conclude that the -implicit -optical brightness limit of any catalogue of Herbig Ae/Be stars would prevent the inclusion of massive preMain Sequence stars on the horizontal portions of the evolutionary PMS tracks. However, these object are present in Gaia DR2 although they are yet uncatalogued as HAeBes. In a sense this is a situation similar to that outlined for the low infrared excesses observed toward the Herbig Be stars that are mostly located close to the Main Sequence. This could be explained by the fact that the objects would be embedded and thus optically invisible or faint in earlier phases of their evolution.
Further observations of optically fainter objects will be necessary to settle this issue. Additional progress can be made by connecting the PMS evolutionary tracks with radiative transfer codes to provide synthetic observations (as e.g. Davies et al. 2011 , or Zhang et al. 2014 for Massive Young Stellar Objects) extended to optical wavelengths in the Herbig Be mass range. Related to the "missing" high mass stars in the HR diagram, it will be important to fill the historic, and entirely man-made, gap between the Herbig Ae stars and the T-Tauri stars. The latter are confined to have spectral types G-K-M, and typically Herbig Ae/Be stars, in this case by definition, have spectral types A and B. We are missing out the F-type stars, resulting in an incomplete coverage of the HR diagram for pre-Main Sequence stars.
On the difference between Herbig Ae and Herbig Be stars
From the above it appears that the dusty disks surrounding Herbig Ae and Herbig Be stars are different, with the break in IR excess occurring at 7M (around B3 spectral type), a value which was also found by Alonso-Albi et al. (2009) from their compilation of millimetre emission tracing the outer parts of the dusty disks. As discussed, given the much stronger radiation field from B-stars, both in intensity and photon-energies, the most straightforward explanation for the much less massive disks of higher mass objects is a more efficient disk dispersal mechanism (see e.g. Gorti et al. 2009 ). This also explains why the same 7M break is seen in variability (Fig. 8) . As described in Sect. 5.4, the high levels of variability in some sources are caused by edge-on dusty disks. A more efficient disk dispersal mechanism beyond 7M would result in these sources showing no strong variability in our indicator. It also explains why the objects with the lower IR excesses are not strongly variable while the rest can have both high and low variability values. Other studies of large samples of Herbig Ae/Be stars indicate a break in properties at a much lower mass of 3M , around the B7 spectral boundary. Fairlamb et al. (2015) studied the accretion rates, which are proportional to the mass of the objects, and found a different slope for lower mass than for higher mass objects. Ababakr et al. (2017) , extending the work of Mottram et al. (2007) , found a distinct difference in spectro-polarimetric properties across the Hα line between the Herbig Ae and late Be type stars on the one hand and earlier Herbig Be type objects on the other hand. These authors also point out the similarity in the Hα spectro-polarimetry of the Herbig Ae stars and T-Tauri stars. Finally, Mendigutía et al. (2011a) noted the difference in Hα variability; Herbig Ae and late Be stars are largely variable, whereas Herbig Be stars are not. Later, Fang et al. (2013) showed that T-Tauri stars display even more variable Hα emission -again hinting at a similar accretion mechanism for the T-Tauri stars and Herbig Ae stars.
How can we reconcile the fact that some studies show a different break in properties than others? It is worth pointing out that the latter investigations consider regions much closer to the star than the dusty emission. Fairlamb et al. (2015) derives accretion rates from the UV-excess, which trace the shocked material on the stellar surface, Ababakr et al. (2017) 's spectropolarimetry traces the free electrons in ionized material at distances of order stellar radii from the stars. The spectro-polarimetric properties of the B-type stars can be explained by stable circumstellar disks, while the line properties for T-Tauri and Herbig Ae objects are consistent with magnetically controlled accretion. Likewise, the Hα emission traces the ionized zones close to the star, such as the accretion columns and circumstellar disks and the variability is explained due to the accretion columns orbiting the central star (e.g Kurosawa et al. 2008) .
Earlier, we showed that the IR fluxes and Hα properties are largely correlated, but that the IR fluxes are smaller for the earlier type objects. We therefore conclude this section with the observation that the infrared and millimetre emission trace the circumstellar disks and originates much further from the stars than the UV, hydrogen recombination emission and free electrons which trace the accretion onto the stars. The break in accretion mechanism appears to occur around 3M , whereas the disk dispersal becomes significant at higher masses, 7M .
Conclusions
In this paper we have collated the largest astrometric dataset of Herbig Ae/Be stars. We present parallaxes for the vast majority of known Herbig Ae/Be stars and have gathered atmospheric parameters, optical and infrared photometry, extinction values, Hα emission line information, binary statistics, and devised an objective measure for the photometric variability. From these we derive luminosities which allow us to place the objects in an HR diagram, containing over ten times more objects than previously possible.
Thus, we homogeneously derived luminosities, distances, masses, ages, variabilities and infrared excesses for the most complete sample of Herbig Ae/Be stars to date. We investigated the various properties and reach the following conclusions:
1. The Gaia photometric variability indicator as developed here indicates that 48/193 or ∼25% of all Herbig Ae/Be stars are strongly variable. We find that the presence of variability correlates very well with the Hα line profile. The variable objects display doubly peaked profiles, indicating an edge-on disk. It had been suggested that this variability is in most cases due to asymmetric dusty disk structures seen edge-on. The observation here is the most compelling confirmation of this hypothesis. Most sources catalogued as UXORs in the sample appear as strongly variable with double-peaked profiles. The fraction of strongly variable A-type objects is close to that found for the A-type objects with the UXOR phenomenon. 2. High mass stars do not display an infrared excess and show no strong photometric variability. Several suggestions have been put forward to explain this. These include fast evolutionary timescales and fast dust dispersion timescales for high mass objects. We do note that the break is around 7 M , which is intriguingly similar to other statistical studies related to dusty disks around Herbig Ae/Be stars which signpost a different or more efficient disk dispersal mechanism for high mass objects. 3. Whereas the break in IR properties and photometric variabilities occurs at 7 M , various Hα line properties including mass accretion rates, spectropolarimetric properties and emission line variability seem to differ at a lower mass, 3 M . The latter has been linked to different accretion mechanisms at work; magnetospheric accretion for the A-type objects and another mechanism, possibly boundary layer accretion, for the B-type objects. The differing IR and variability properties are related to different or differently acting (dust-)disk dispersal mechanisms, which occurs at much larger size scales than the accretion traced by hydrogen recombination line emission.
Finally, the findings presented in this paper signal just the beginning in unveiling the formation of intermediate mass stars using Gaia. Gaia presents us with an excellent opportunity to search and identify new Herbig Ae/Be stars, resulting in a wellselected and properly characterized sample. The results presented here will assist greatly in identifying new Herbig Ae/Be objects from the more than a billion stars with astrometric parameters in Gaia. This is the subject of our follow-on study, the STARRY project. (1.90
Article number, page 25 of 39 A&A proofs: manuscript no. Vioque_et_al_2018 Article number, page 37 of 39 
